Two sows (Nos. 1, 2) were each fed 1,000 Toxoplasma gondii oocysts. Sow No. 1 was fed oocysts at 60 day of gestation and was euthanatized 49 days later. Sow No. 2 was fed oocysts at day 45 of gestation and euthanatized 62 days later. Sow No. 1 had eight dead fetuses of which one was mummified and unsuitable for histologic study. Sow No. 2 had 11 fetuses, of which four festuses were mummified and unsuitable for histologic examination, two fetuses were dead and five were live. Lesions and Toxoplasma parasites were identified in seven fetuses from sow No. 1 and three fetuses from sow No. 2. No lesions were found in four fetuses from sow No. 2. Toxoplasma gondii was present in trophoblasts and produced areas of necrosis of the chorioallantois with focal placental separation. The predominant lesions were necrotizing placentitis, nonsuppurative encephalomyelitis, and myocardial degeneration, necrosis and mineralization. Numerous tachyzoites were seen in trophoblast cells lining areolae in placenta.
Although there are numerous reports of neonatal mortality in pigs attributed to toxoplasmosis, little is known of the lesions in pig placenta and fetuses that are associated with toxoplasmosis.'.2 This is related in part to the difficulty of experimentally inducing congenital toxoplasmosis in pigs. In a recent s t~d y ,~ congenital toxoplasmosis was induced in 6/17 sows that were fed approximately 1,000 Toxoplasma gondii oocysts each at 32 to 92 days after conception. Eleven of these sows were euthanatized between 17 and 62 days after inoculation, five sows were allowed to farrow naturally, and one of these aborted a T. gondii-infected fetus 17 days after ingesting T. gondii oocysts. Fetuses and piglets from the sows in this study were examined for T. gondii infection serologically and by bioassays in mice.3 Tissues from fetuses from two of these 17 sows (sow Nos. 1 and 2) with transplacentally-induced toxoplasmosis were selected for histologic examination, and the lesions from these fetuses are reported in this paper.
Materials and Methods
Sow No. 1 was fed T. gondii oocysts on day 60 after conception and euthanatized 49 days after inoculation. Sow No. 2 was fed oocysts on day 45 after conception and euthanatized 62 days after inoculation. To exclude the possibility of postnatal infection, sows were euthanatized 1 week before the expected farrowing date. At necropsy, the uterus was removed, and each fetus was collected with its attached pla-centa. Care was taken to ensure that placental samples retained their attachment to the endometrium. For histologic examination, portions of placenta, cerebrum, cerebellum, medulla, pons, and cervical, thoracic and lumbar spinal cords, heart, lungs, thymus, liver, spleen, kidneys, adrenals, skeletal muscle, tongue, pancreas, mesenteric lymph nodes, and eyes were fixed in 10°/o neutral buffered formalin. Five micrometers of paraffin-embedded sections were cut and stained with hematoxylin and eosin or periodic acid-Schiff reaction and examined microscopically. Selected tissues were embedded in glycol methacrolate, and 2-3 pm sections were stained similarly. Impression smears of organs were fixed in methanol and stained with Giemsa. Toxoplasma gondii was detected in paraffin sections from selected tissues from seven fetuses (Nos. 1-4,6,7, 15) by an immunohistochemical staining technique that uses anti-T. gondii serum.6 Gross lesions were seen in fetus No. 1 from sow No. 1. The heart, adrenal glands, and liver were large and had multiple pale 1-3 mm foci of discoloration. Hemorrhages several millimeters in diameter were seen in the kidneys and throughout the brain. The lungs appeared consolidated. Toxoplasma gondii tachyzoites were seen in imprints of lungs.
Results

Sow
Toxoplasma gondii tachyzoites and tissue cysts were found in trophoblasts (Figs. 2-7). Tissue cysts contained bradyzoites that stained positively with periodic acid-Schiff and were enclosed in a thin cyst wall. Large numbers of tachyzoites were found in trophoblasts lining the areolae in placenta ( Fig. 8 ). Histologic lesions of the endometrium consisted of mild to moderately diffuse infiltration of the superficial aspect of the endometrium with mononuclear cells (Fig. 2) . Toxoplasma gondii occasionally was found within the epithelium of endometrial glands ( Fig. 9 ). Scattered throughout the sections of chorioallantois were intense focal areas of trophoblastic cell necrosis and cellular 5, 6) . Folds of fetal chorioallantois were completely necrotic in some areas ( Fig. 5 ). Histologic lesions of fetal tissues were conspicuous in the seven fetuses from sow No. 1 that had more severe and widely distributed lesions than those in the seven fetuses from sow No. 2 (Table 1) . All seven fetuses examined from sow No. 1 had nonsuppurative encephalomyelitis, often with focal hemorrhage, necrosis and gliosis ( Fig. 10 ). Degenerating T. gondii tissue cysts were also present. Lesions in the liver were less common and were characterized as locally extensive hemorrhage and focal hepatic necrosis. There was mild interstitial pneumonia with necrotizing bronchitis in one fetus (No. 7 from sow No. 1) and the retina of another fetus (No. 15 from sow No. 2) contained focal mononuclear cell infiltrations ( Fig. 11) .
Lesions of the heart were common and consisted of mild to severe multifocal necrotizing myocarditis that were frequently mineralized, and tachyzoites were seen in myocytes (Figs. 12, 13). Three fetuses from sow No. 1 had extensive areas of myocardial mineralization not associated with myocarditis, which were considered to represent neurogenic cardiomyopathy, secondary to encephalitis. Although skeletal muscle was only examined from five fetuses, T. gondii was present in four of these. Tissue cysts were present in skeletal muscle (Figs. 14, 15 ) and were sometimes associated with nonsuppurative myositis (Fig. 14) .
Discussion
Results of this study demonstrate that transplacental transmission of T. gondii in pigs can occur in sows infected by the natural oral route of infection, and that histologic examination of aborted placenta and fetal tissues may be, in some cases, of diagnostic value. The identification of large numbers of T. gondii within trophoblasts in some fetal tissues examined implicates a probable mode of transplacental transmission in swine.
Although there are other reports of experimental fetal and neonatal toxoplasmosis in the study by Moller et al.7J0 is particularly noteworthy in relation to the present study. They intravenously inoculated three pregnant sows (Nos. 3-5) with millions of tachyzoites of the virulent RH strain of T. gondii and two sows (Nos. 6, 7) orally with tissue cysts of an avirulent 119 strain of T. gondii. Sow No. 3 delivered eight stillborn and seven live piglets. Toxoplasma gondii was found in histologic sections of three stillborn and three live piglets that were euthanatized on the 3rd or 4th day after birth. Of 14 stillborn piglets delivered by sow No. 4, seven had T. gondii in histologic sections. Sow No. 5 delivered eight stillborn piglets; T. gondii was found in histologic sections of six piglets. The live piglets were euthanatized between 1 day and 28 days after birth. Toxoplasma gondii was found by bioassays in only three of the piglets that were euthanatized between 23 and 26 days after birth, but was not found in histologic sections of any piglet. Sow No. 7 delivered four stillborn and 11 live piglets. Toxoplasma gondii was found by bioassays in six of the live piglets euthanatized between 28 and 32 days after birth but not in the four stillborn and five piglets euthanatized between 30 and 32 days after birth. Conclusive evidence of congenital infection was found only in intravenously inoculated sows, because postnatal infection in piglets are intriguing. Firstly, T. gondii was found in histologic sections of 14 of 31 autolysed piglets, but was not demonstrable by bioassays in mice. This observation is remarkable because even a single live T. gondii of the RH strain that was used in their study can be detected by bioassays in mice.* We have confirmed their observations in five fetuses that were positive for T. gondii histologically but not by bioa~says;~ furthermore, we have found that these dead T. gondii in porcine fetuses retained immunogenicity as demonstrated by immunoperoxidase staining. Secondly, lesions in tissues of infected piglets from orally inoculated sow No. 7 were confined to the brain, whereas disseminated lesions were seen in piglets from sows Nos. 3 to 5 that were inoculated intravenously with T, gondii. We found disseminated lesions in congenitally infected piglets from at least two of the 17 sows inoculated orally with T. gondii; the sows were euthanatized a day before expected parturition to avoid postnatal or perinatal transmission of T. gondii.
Toxoplasma gondii is one of the major causes of abortion in sheep and goats producing characteristic focal necrosis of placental cotyledons.2 These necrotic lesions become macroscopic in half of the infected fetuses and thus are very useful in diagnosis. Such grossly visible lesions were not seen in porcine placentas. In sheep and goats, however, only a few T. gondii are seen in placentas, whereas in pigs, numerous T. gondii were seen in trophoblastic cells of the chorioallantois, especially from fetus No. 1 (Figs. 2-4, 8) . Unlike sheep and goats where toxoplasmic abortion is the rule rather than exception, most T. gondii infected piglets appear to be retained in utero and are rarely aborted. Little information is available in the literature concerning microscopic lesions of toxoplasmosis in fetal pigs or their p l a~e n t a .~,~,~ Toxoplasma gondii can be found in the cytoplasm from many host cell types. In comparison to the disease in adults, lesions in fetuses are considered to be more widely disseminated and more degenerative than ne~rotic.~ The presence of multifocal areas of chorion in which numerous cells were infected (Figs. 2-4) suggests that the T. gondii crossed directly from the endometrium to the opposing trophoblastic cells. The infection of a large number of trophoblastic cells lining the areolae (Fig. 8 ) may have occurred by a more indirect route, as T. gondii tachyzoites were also observed within epithelial cells of endometrial glands (Fig. 9 ). Toxoplasma gondii organisms released from endometrial glands containing infected cells may have infected areolar trophoblastic cells through the uterine milk. The cause of early fetal death, resorption, and mummification in sows fed T. gondii oocysts is not known, but is probably related to nonspecific effects of fever.3
Placental lesions in toxoplasmosis were described by Pan et a1.8 Lesions in two placentas from stillborn fetuses from experimentally infected gilts consisted of "intensely calcified foci scattered in the mesothelial layer of chorionic membrane (and) moderate calcification . . . in the mesothelial layer of villi."8 Mineralization was not a feature of the lesion in our placentas. Additionally Pan et a1.8 did not find T. gondii in placental tissues, whereas large numbers of organisms were seen in trophoblastic cells of the chorion of several fetuses in this study. The intense focal placental necrosis we observed did not appear to be extensive enough to have resulted in placental insufficiency. The fetal death associated with stillbirth or mummification more likely occurred as a result of the severe lesions produced in the fetus.
Microscopic lesions observed in fetal organs were similar to those described by Pan et a1.8 and Moller et al.' with the exception of the heart. In addition to focal areas of myocardial degeneration, myocardial necrosis, and associated infiltration with lymphocytes and macrophages, we noted extensive areas of myocardial mineralization, resembling changes referred to as brainheart syndrome. Several fetuses from sow No. 1 had severe encephalomyelitis caused by toxoplasmosis with heart lesions consistent with this ~yndrome.~ Although there are numerous reports of neonatal toxoplasmosis in pigs,' estimates of prevalence of clinical toxoplasmosis in piglets are limited by the difficulties associated with diagnosis of T. gondii in tissues by histologic examination or bioassays. The bioassays for T. gondii are expensive and not practical for a routine diagnosis. The presence of T. gondii specific antibodies in the fetus is evidence of congenital infect i~n ,~ and serologic examination of the fetus can aid diagnosis. Some false negative serologic findings may exist if an infected fetus has not yet had time to produce antib~dies.~ The identification of T. gondii in histologic sections is now aided by immunohistochemical staining.4,6
